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The phylum Apicomplexa includes hemoparasitic members of 2 families, Babesiidae and Theileriidae. These ticktransmitted protozoa are collectively referred to as piroplasms. Two species of piroplasms infect equids, Babesia caballi 13 and B. equi. 9 The placement of B. equi is unsettled and controversial because it shares Babesia and Theileria characteristics. 11, 12 The use of B. equi will be consistent throughout this report.
Acute piroplasmosis in equids is characterized by fever, anemia, icterus, hepatosplenomegaly, lethargy, and in some cases death. 15 However, acute clinical disease usually is mild and of short duration, resulting in persistent but low-level infection. Horses appear to be more susceptible to clinical disease than mules and donkeys, and adult animals are more susceptible than young ones. 15 Mortality rates of 10% and in some instances nearly 50% have been reported from fully susceptible horses introduced into endemic disease areas. 16 Animals born and raised in endemic areas usually develop premunition characterized by the carrier state. Although they may live without further clinical disease, their performance is somewhat compromised, and when experiencing heavy work or poor nutrition conditions, they may develop recrudescent infection with some clinical illness.
The carrier animal is of prime importance on a global basis because of the potential for an undiagnosed carrier animal being introduced into nonendemic disease areas. Countries free of equine piroplasmosis restrict importation of animals from endemic countries unless it can be established that they are free of infection. Therefore, it is important to have a diagnostic assay with adequate sensitivity to identify any carrier animal. The more common complement-fixation test does not have the necessary attributes. 5 The problems associated with the complement-fixation test for diagnosing equine babesiosis include anticomplementary activity of many sera and the inability of IgG(T), the major immunoglobulin isotype of equids, to fix complement. 7, 10 In several studies, the complement-fixation test has been replaced with a sensitive indirect immunofluorescence (IIF) assay. 8 Although this assay has been reliable, it is not efficient for use with large numbers of sera. The problems with the complement-fixation test and IIF assay are overcome with the recently developed B. equi competitive enzyme-linked immunosorbent assay (cELISA). [5] [6] [7] This assay provides both improved specificity and improved sensitivity required for surveillance and can be used for epidemiologic studies. The assay was developed after identification of an immunodominant epitope within a merozoite membrane protein (EMA-1) 5 associated with geographically divergent isolates. 6 The * Ninety-eight sera were assayed for specific antibody to B. equi using both the cELISA and IIF. The 2 assays were in 91% agreement.
‡ Antibody specific for B. caballi was detected using an IIF assay.
assay has been effective in detecting serum antibody from regions throughout the world, 7 and the study reported here is the first formal validation for use in Morocco. Antigens were derived from B. caballi and B. equi of North American origin, 4, 6 and the IIF using both B. equiand B. caballi-infected erythrocyte smears was performed as previously described. 8 The cELISA for B. equi is based on the specific inhibition of binding of a monoclonal antibody to a conserved epitope within the recombinant EMA-1 by serum from infected animals. 6 Both the IIF and cELISA were transferred from the USDA Agricultural Research Service Animal Disease Research Unit (USDA-ARS-ADRU) laboratories to the Institut Agronomique et Veterinaire Hassan II (IAV) and successfully established in this laboratory. A serum sample was considered IIF positive for either B. equi or B. caballi if the reaction of a 1:100 dilution of the test sample was equal to or greater than the reaction of a weak positive control sample. For the B. equi cELISA, a test sample was scored positive if it inhibited the binding of the monoclonal antibody by more than 30% of that observed from a pool of normal control sera from the United States.
Thirteen adult animals (8 donkeys and 5 mules) were used to validate the B. equi cELISA. All animals were in general good health prior to the study, and each was housed in individual stables. The 13 animals were selected because none of them had detectable B. caballi IIF antibody prior to splenectomy. The spleen is critical for a successful immune response against these hemoparasites, and its removal will result in recrudescence of any latent hemoparasitic infection that then can be confirmed by microscopic detection. There was no evidence of parasitemia upon microscopic examination of stained blood films from each animal prior to splenectomy, but a rapid parasitemia developed after the surgical procedure 14 in 9 of the 13 animals. The parasites observed from each animal were morphologically identified as B. equi. A febrile response occurred in each of the infected animals after splenectomy, and the hematocrit decreased precipitously. The parasitemia, which was detectable 3 days after the surgery, remained until each of the nine animals succumbed to the infection, between 7 and 10 days postsplenectomy. Therefore, splenectomy resulted in acute and fatal disease in what were clinically normal carrier animals. Latent B. equi infections were suspected in each of the 9 infected animals because they were seropositive by the B. equi cELISA and IIF prior to and after splenectomy, whereas the other 4 animals remained seronegative throughout. These results demonstrate the validity of the cELISA in accurately identifying animals infected with B. equi of Moroccan origin.
Ninety-eight individual sera were randomly chosen from the total samples collected throughout the country to determine the concordance between IIF and cELISA. Table 1 shows that the cELISA and IIF were in 91% agreement. Seven of the 9 disparate results were IIF positive and c-ELISA negative. There are 5 possible explanations for the disparate results. First, there may be IIF cross-reactivity from B. caballi antibody present in serum from an animal with a mixed infection. However, the use of serum at a 1:100 dilution makes this cross-reactivity unlikely, especially because the 2 IIF assays have shown no significant cross-reactivity. 2 In an effort to determine whether cross-reactivity with B. caballi may have contributed to the disparate results, the same 98 samples were assayed using the B. caballi IIF. Although many samples were reflective of mixed infections, there was no biased reactivity affecting the B. equi cELISA/ IIF concordance based upon the B. caballi-positive or -negative status ( Table 1) . A second possible explanation is the subjective nature of the IIF, where conditions may favor false-positive results. However, the use of a 1:100 dilution of serum obviates this possibility, 3 and thus it is unlikely. A third explanation is that the particular isolate infecting the cELISA-negative, IIF-positive animals does not bear the epitope used in the assay, although this possibility is also unlikely because at least some animals from each location were positive in both assays. A fourth possibility is that some sera may recognize other B. equi antigens present in the IIF antigen preparation before that of the specific epitope in the cELISA. This was the case in previous comparisons of the cELISA and the complement-fixation test. 5 Fifth, it is possible that the cELISA-negative, IIF-positive animals have a genetic inability to recognize the epitope antigen used in the cELISA.
The presence of B. equi and B. caballi has been thought to be widespread in Morocco, but no actual seroprevalence had been obtained. Six regions were included in the study based on the presence and importance of the equine populations and because no equine tick-borne disease epidemiologic information exists for these regions. The regions also cover diverse bioclimatic conditions with different possible vector dynamics. Taounate in the north-central area is a complex region of transition, ranging from subhumid in the northern highlands to semiarid in the south with annual rainfall of 700 and 400 mm, respectively. Fes is a semiarid region, with temperate winters and an annual rainfall of about 350 mm. Rabat and Zaer are subhumid regions, with mean rainfall of 550 mm. Doukkalla is characterized by a Mediterranean semiarid climate, with annual rainfall of 200-500 mm. Marrakech in the southwestern Tensift region is semiarid, with annual rainfall of about 250 mm.
A total of 578 samples from 163 horses and 415 donkeys were obtained from these regions throughout December 1997 and January 1998 and assayed. The overall B. equi seroprevalence was 67%. There were no significant differences in seroprevalence among regions, although the highest seroprevalence was found in Fes and the lowest was in Taounate. In contrast, donkeys were significantly more likely than horses to be infected with B. equi (Fig. 1) . Although management of horses is more stringent than that of donkeys, preliminary evidence using IIF to identify equids with B. caballi-specific antibody (data not shown) indicates that there is no significant difference in seroprevalence between these 2 hosts for this parasite. If this should remain the case following the application of a B. caballi-specific cELISA (a recently developed specific cELISA 4 has just become available), then management differences must favor an increased exposure of donkeys to B. equi; there has been no evidence of differential susceptibility to infection between horses and donkeys. Fes is the region where increased exposure for donkeys is most evident. Fes is unique in that the medinas have very narrow streets, requiring a small draft animal such as the donkey for transportation of goods. As a consequence, Fes has the highest donkey population. Donkeys are kept under confined conditions in places called foundouks, which would allow for increased transtadial intrahost transfer among vector ticks with subsequent increased transmission rates. Preliminary data suggest that tick infestation levels on donkeys are 6 times greater than those on horses (data not shown). Investigations are underway to determine the role of various tick species as vectors of both B. equi and B. caballi, including the possibility of a differential vector capacity among the tick species that feed on equids. In any event, equine babesiosis (piroplasmosis) is of importance to Moroccan equid owners, especially the valuable Arabian horses, which are offered for export or participate as athletes throughout the world. Management, including tick control, must be stringent where this breed is raised to prevent infection. The transfer of the cELISA technology provides Moroccan authorities increased confidence in identifying negative horses for export or transport for equestrian events to countries with equine piroplasmosis restrictions. The c-ELISA is being considered for replacement of the comple-ment-fixation test as the official assay for use in the USA, and based on the results of the transfer, validation, and application, it should be considered for adoption as the official diagnostic test for use in Morocco. The use of the cELISA for both B. equi and B. caballi will enhance the existing babesiosis surveillance efforts.
